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Abstract—Oxime derivatives of the sordarin aglycone have been identified as potent antifungal agents. The in vitro spectrum of
activity includes coverage against Candida albicans and Candida glabrata with MICs as low as 0.06 mg/mL. The antifungal activity
was established to be exquisitely sensitive to the spatial orientation of the lipophilic side chains. # 2002 Elsevier Science Ltd. All
rights reserved.

Invasive fungi have in recent decades emerged as
important pathogens, in particular among the growing
and increasingly diverse population of immunocompro-
mised patients. Candida albicans, for instance, is the
primary cause of fungal infections in neutropenic and
solid-organ transplant patients, and is also implicated in
oral candidiasis cases typically found in HIV-infected
individuals.1,2 Despite the growing medical need, how-
ever, few existing therapies with suitable safety and effi-
cacy profiles are available for the treatment of systemic
fungal infections. Moreover, the emergence of fungal
pathogens resistant to current chemotherapies further
increases the demand for the discovery and development
of novel agents.

The natural product sordarin (1) was discovered in 1971
as a metabolite of Sordaria araneosa and identified as a
potent antifungal compound (Fig. 1).3 Interest in this
diterpene glycoside has recently been sparked by the

identification of its cellular target in fungal organisms,
the translational elongation factor EF-2.4,5 Despite the
high sequence homology between fungal and human
EF-2 (85%), sordarin is able to exert a specific effect on
fungal EF-2 by binding with high affinity to the ribosome/
EF-2 complex and blocking translocation.6 The selective
inhibition of fungal protein synthesis thus became an
attractive target for the development of new antifungal
agents that were mechanistically distinct from existing
therapies.

An interesting development in the exploration of this
natural product was the report by Tse et al. that when
the sordarin aglycone, known as sordaricin (2), was
functionalized with lipophilic side chains, the antifungal
activity against Saccharomyces cerevisiae was markedly
improved relative to both 1 and 2.7 As part of our
efforts to discover novel agents for the treatment of
systemic fungal infections, we became interested in 2 as
a versatile template for the synthesis of sordaricin ana-
logues. In this communication, we report the synthesis
of novel sordaricin oxime derivatives and their potent in
vitro activity against several Candida pathogens.

From a synthetic standpoint, we envisioned a differen-
tially-protected dialdehyde version of 28 as a reasonable
launching point for the exploration of diverse structural
architecture. To this end, routine protection of the car-
boxylic acid and aldehyde groups in 2 was followed by
oxidation of the primary alcohol to afford the mono-
protected dialdehyde core 4 (Scheme 1). Condensation
of 4 with hydroxylamine hydrochloride afforded the
oxime derivative 5.
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Figure 1.
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The oxime intermediate 5 could then be elaborated in
several fashions. Reaction of the oxime with a variety of
electrophiles and NaH in DMF afforded the O-alkyl-
ated products with concomitant cleavage of the 2-(tri-
methylsilyl)ethyl ester protecting group.9 Selective
acidic hydrolysis of the ethylene ketal in the presence of
the oxime ether afforded the final targets 6a–o,10,11

which proved to be robust under typical assay condi-
tions.12 Alternatively, the oxime could be oxidized with
N-bromosuccinimide and then converted in situ to the
nitrile oxide. Reaction of this intermediate with a vari-
ety of alkenes and alkynes followed by standard depro-
tection steps generated the conformationally-restricted
[3+2] cycloadducts 7a–n13 and 8a–b.

The acyclic oxime ethers 6a–o were tested for fungal
growth inhibition in C. albicans, Candida glabrata,
Cryptococcus neoformans, and several other pathogens
(Table 1).14 In general, incorporating lipophilic func-
tionality in the oxime ether side chain led to increased
whole cell activity relative to the natural product (1).
The most potent analogue in this series (6f, R=n-pen-
tyl) had an MIC against both Candida pathogens of
0.06 mg/mL and a therapeutic index (CC50/MIC) of 92.
Against non-Candida pathogens, compound 6f was the
only derivative to register an MIC versus C. neoformans
(MIC=64 mg/mL), while no activity was observed for
compounds 6a–o against Aspergillus fumigatus and other
filamentous fungi. A slight decrease in anti-Candida
activity was observed with branched side chain deriva-
tives (6e and 6g–i), which suggests that lipophilicity alone
is not sufficient to explain the excellent anti-Candida
activity of 6f. Aromatic (6m–n) and heteroaromatic (6o)
oxime ethers were also poor inhibitors of fungal growth.

The isoxazolines 7a–n and isoxazoles 8a–b provided a
unique opportunity to conformationally restrict the oxime
side chain appendages while also rendering more stable
oxime analogues (Table 2). Consistent with our earlier
SAR observations, bicyclic sordaricin derivatives contain-
ing polar substituents such as tertiary amines (7b and 7e),
nitrile (7d), and primary alcohols (7f and 8a) were ineffec-
tive against all fungal pathogens examined. Although
[3+2] cycloadducts with more lipophilic substitution were
slightly better inhibitors (i.e., 7h–m), this was true only for
compounds derived from monosubstituted dipolariphiles.
The product derived from cyclohexene (7c), for instance,
had no measurable activity against C. albicans but was
moderately effective againstC. glabrata (MIC=1 mg/mL).

Scheme 1. Preparation of sordaricin oxime derivatives: (a) O-[2-(tri-
methylsilyl)ethyl] diisopropyl isourea, THF, reflux; (b) ethylene glycol,
PPTS, MeOH; (c) TPAP, NMO, molecular sieves, CH2Cl2; (d) hydroxy-
lamine hydrochloride, pyridine, rt; (e) R-X, NaH, DMF; (f) 1N HCl,
MeOH; (g) N-bromosuccinimide, pyridine, CH2Cl2; (h) Et3N, alkene/
alkyne, benzene, reflux; (i) TBAF, THF, then 1N HCl.

Table 1. In vitro activity of sordaricin oxime ethers 6a–o

Compd R MICa (mg/mL) CC50
b (mg/mL) CC50/MIC (mg/mL)

C. albicans C. glabrata Cytotoxicity Therapeutic Index

1 — 16 >128 167 10
2 — >128 >128 ndc —
6a 2-Tetrahydropyranyl 0.5 1 33 66
6b (2-Tetrahydropyranyl)methyl 2 8 9 4.5
6c 2-(2-MeO-ethoxy)ethyl 8 128 46 5.7
6d 2-Ethoxyethyl 16 16 22 1.4
6e Cyclohexylmethyl 0.25 1 0.6 2.4
6f n-Pentyl 0.06 0.06 5.5 92
6g R-2-Methylbutyl 0.25 0.5 2.7 11
6h i-Butyl 0.5 0.5 35 70
6i i-Pentyl 0.5 1 4 8
6j 4,4,4-Trifluorobutyl 1 4 1.9 1.9
6k 3-Methyl-2-butenyl 1 1 4.5 4.5
6l 2-Butynyl 8 32 16 2
6m 2-Chlorobenzyl 2 8 1.4 0.7
6n 2-Methylbenzyl 16 16 nd —
6o [3,5-di-Me-isoxazol-4-yl]methyl >128 128 nd —

aMIC value defined as the lowest drug concentration required to inhibit 90–100% visible growth relative to controls.
bCC50 value measured against Hep 2 cells.
cnd, not determined.
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The disparate activities of the acyclic oxime ether 6f and
the cycloadduct 7h further emphasize the sensitive steric
interaction between the sordaricin analogues and the
EF-2/ribosome assembly. Even though both oxime
ethers maintain a similar trans relationship between the
C–C and N–O bonds, the n-pentyl side chain in 6f can
apparently more readily adopt the optimal conforma-
tion for proper EF-2/ribosome interaction, while the
aliphatic chain in 7h is locked via the isoxazoline ring
(Fig. 2). Additional conformational restriction via the
fused bicyclic ring system (7c) completely prevents the
alkyl side chain from accessing the same space available
to compound 6f. Taken together with our earlier obser-
vation in the acyclic series 6a–o that side chain branch-
ing diminishes potency, we can only speculate that a
narrow, hydrophobic pocket exists in the ribosomal
assembly that is extremely sensitive to slight perturba-
tions in drug structure.15

In summary, we have developed a novel sordaricin dia-
ldehyde core that serves as a multifunctional template
for analogue synthesis. The discovery of potent oxime
ether analogues establishes that the antifungal activity

of sordaricin derivatives includes clinically relevant
pathogens such as C. albicans and C. glabrata. The
apparent sensitivity of the EF-2/ribosome assembly to
the structure and conformation of the side chain func-
tionality suggests that a more detailed understanding of
the active site interactions is required.16
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